Abstract Degenerative spondylolisthesis (DS) is a disorder that causes the slip of one vertebral body over the one below due to degenerative changes in the spine. Lumbar DS is a major cause of spinal canal stenosis and is often related to low back and leg pain. We reviewed the symptoms, prognosis and conservative treatments for symptoms associated with DS. PubMed and MEDLINE databases (1950-2007) were searched for
Introduction
Degenerative spondylolisthesis (DS) is a disorder that causes the slip of one vertebral body over the one below. It differs from spondylolytic spondylolisthesis by the absence of a pars interarticularis defect (spondylolysis), i.e., in DS the whole upper vertebra (vertebral body and posterior part of the vertebra including neural arch and processes) slips relative to the lower vertebra. In a congenital spondylolisthesis, sometimes due to dysplastic facets with intact pars interarticularis the whole upper vertebra, can slip forward and cause spinal stenosis with potential impingement of cauda equine or spinal nerve roots. However, symptoms in this type of listhesis usually develop during the adolescent growth period, and not as in DS, where symptoms develop in patients older than 40. DS can be found in classifications of spondylolisthesis, spinal stenosis, and segmental instability, indicating that the clinical presentation is varied [19] . The degree of slip is usually mild, with a mean slip of 14% reported in a study of 200 patients [50] . As the neural arch is intact, even a small progression in the slip can result in cauda equina compression. The focus of this review is symptoms and treatments of DS because it has traditionally been considered as one of the major causes of low back pain (LBP) among the elderly and is a major cause of spinal canal stenosis related to low back and leg pain [1, 16, 19, 24] . Other types of spondylolisthesis and surgical treatments will not be discussed.
Methods
PubMed and MEDLINE databases were searched for the key words ''spondylolisthesis'', ''degenerative spondylolisthesis'', ''spinal stenosis'', ''lumbar spine'', ''antherolisthesis'', ''posterolisthesis'', ''low back pain'', ''lumbar instability'', ''treatment'', ''exercises'', ''bracing'', ''imaging'', and ''pseudospondylolisthesis''. All relevant articles in English were reviewed. Pertinent secondary references were also retrieved. We critically analyzed all the published materials. We are aware that this traditional approach to narrative reviews has much more potential for bias than systematic reviews or meta-analyses; however, we endeavored to be inclusive and open-minded. We also consulted experts in orthopedic surgery, rheumatology and radiology to produce this narrative review on lumbar degenerative spondylolisthesis.
Results
Degenerative spondylolisthesis is the result of longstanding intersegmental instability at the lumbar motion segment [15] . Patients presenting with DS generally are older than 50 years and may have any combination of LBP, neurogenic claudication, vesicorectal disorder, and radiculopathy [59] . The etiology of DS is multifactorial, and it is interlinked with other pathologies, such as, for example, disk degeneration, facet joint osteoarthritis and spinal stenosis. The major local reasons that probably lead to the development of degenerative vertebral slippage are: (1) arthritis of the facet joints with loss of their normal structural support; (2) malfunction of the ligamentous stabilizing component, probably due to hyperlaxity; and (3) ineffectual muscular stabilization. There are controversial evidences about involvement if disc degeneration in etiology of DS. The general belief today is that disc degeneration leads to segmental instability in the sagittal plane and may result in DS [51] . As in other degenerative disorders of the spine, potential risk factors can comprise increasing age [50, female sex, pregnancies, AfricanAmerican ethnicity, generalized joint laxity, and anatomical predisposition (sagittally oriented facet joints, hyperlordosis, high pelvic incidence).
Degenerative spondylolisthesis occurs mostly at the L4-5 level [15, 19] as opposed to its isthmic counterpart, which occurs most often at the lumbosacral level (L5-S1). The L4-L5 vertebral space is affected 6-9 times more commonly than other spinal levels. The reason for this specific location is mainly the ilio-lumbar ligaments that strongly keep L5 on its anatomical position [2] .
Symptoms associated with degenerative spondylolisthesis
The most probable sources for signs and symptoms related to DS are: (1) degenerated and subluxated facet joints; (2) segmental instability that cause tension of facet joint capsule and ligaments as well as overuse of stabilization muscles; and (3) spinal stenosis and intervertebral foramen stenosis. Lumbar DS is a major cause of spinal canal stenosis and is often related to low back and leg pain [24, 36] . The most common complaint of patients with DS is back pain. Often the pain has been episodic and recurrent for many years [19] . As is the case with all mechanical back pain, patients usually report that their symptoms vary as a function of mechanical loads (such as in going from supine to erect position) imposed, and pain frequently worsens over the course of the day. Radiation into the posterolateral thighs is also common and is independent of neurologic signs and symptoms. The advent of leg symptoms is the most common reason why patients and referring physicians become truly concerned and seek specialized medical attention. The pain may be diffuse in the lower extremities, involving the L5 and/or L4 roots unilaterally or bilaterally. One of the most characteristic symptoms of DS with stenosis is leg pain that shifts from side to side. One time the patient will complain of neurogenic pain in one leg and another time will complain of the opposite leg. Monoradiculopathy is the less common type of leg pain; when present, it is the result of entrapment of the L5 root in the lateral recess. Another common pain presentation is that of neurogenic claudication. Symptoms of neurogenic claudication that cause the patient to stop and sit after less than two blocks of walking usually correspond to the time, when the patient consents to surgery. These symptoms of spinal stenosis are reported by 42-82% of patients who seek help from orthopedists [18] . Additional complaints include cold feet, altered gait, and ''drop episodes,'' wherein the patient unexpectedly falls while walking [18] .
With extreme stenosis, interference with bladder and bowel control can occur, as was reported by Kostuik et al. [32] in their patients. Unlike the acute and often devastating bladder and bowel symptoms of cauda equina syndrome in lumbar disk herniation, spinal stenosis often has an insidious and subtle presentation. Stenotic symptoms are the result of mechanical and vascular factors. As the slip progresses, facet hypertrophy, buckling of the ligamentum flavum, and diffuse disk bulging contribute with the forward displacement to compression of the cauda equina. As in all stenotic conditions, the relief of symptoms that follows forward spinal flexion is thought to be related to the increase in the anteroposterior dimensions of the spinal canal that occurs in that posture. At the extreme, patients may report the need to sleep in the fetal position to relieve leg symptoms. The significant vascular component in complaints of leg pain may lead to another manifestation, restless legs syndrome, sometimes called ''vespers curse'' [33] . In this condition, patients are awakened by aching pain in the calves, restlessness, an irresistible urge to move the legs, and fasciculations. This syndrome is reported to be exacerbated by congestive heart failure, which, in turn, may increase pressure in the arteriovenous anastomoses that characterize the lumbar nerve-root microcirculation. Other associated neurological symptoms, such as numbness and weakness, are variably present.
Diagnostic modalities
The primary role of imaging studies is to confirm the clinical diagnosis of DS, although advanced imaging studies are also essential for preoperative planning. The plain radiographic features include the essential finding on a lateral view of forward displacement of L4 on L5 or, more rarely, L5 on S1 or L3 on L4 in the presence of an intact neural arch. Defect of pars interarticularis (which has the appearance of a Scottie dog with a collar) that can be seen on lateral or bilateral oblique views helps to distinguish between DS and isthmic spondylolisthesis. Since in DS the neural arch is intact, the spinous process moves forward with the vertebral body. This results in malalignment of the spinous processes, which can be identified on lateral radiographs [7] . The additional findings are usually consistent with a long-standing degenerative process and include disk-space narrowing, vacuum sign, endplate sclerosis, peridiscal osteophytes, and facet sclerosis and hypertrophy. The anteroposterior radiograph often, but not always, demonstrates the accompanying hemisacralization of L5 [19] .
Additional imaging studies may be warranted depending on the patient's presentation and the clinical findings.
Factors that speak about the need for further imaging include significant and progressing neurologic claudication or radiculopathies and the clinical suspicion that another condition, such as metastatic disease, may be causative. An absolute indication is the presence of bladder or bowel complaints [7] .
The imaging alternatives include computed tomography (CT), myelography, contrast material-enhanced CT, and magnetic resonance imaging (MRI). CT of the spine can be performed with or without intrathecal contrast enhancement. Axial images are obtained in a plane parallel to the disk spaces at each level imaged. Sagittal reconstruction images are also obtained by using post-acquisition processing software. Bone window (e.g., 1,500/300 HU) and soft-tissue window (e.g., 300/30 HU) settings are used. CT shows the alignment of the facet joints and their degenerative changes. Asymmetrical slip of the facets results in a rotational component to the spondylolisthesis. In patients with signs and symptoms consistent with spinal stenosis, MRI or postmyelographic CT is needed to confirm neural element compression [26] . Until the advent of MR imaging, the most widely utilized radiologic technique for evaluating spinal stenosis was myelography in combination with CT. On the myelogram, nerve root entrapment in the lateral recess or central canal stenosis is demonstrated by the level of cutoff of contrast material. The postmyelographic CT images can then be used to identify the bone or soft tissue at each level that must be removed for decompression. There are several drawbacks in using CT imaging. One is relatively high dose of radiation, and also the fact that usually only the three lower segments are depicted and the possible stenosis above these levels will not be visualized.
The role of CT and CT myelography in the assessment of neurological symptoms in DS has been largely replaced by MRI. MRI is a noninvasive technique that can also define vertebral slippage and neural element compression through cross-sectional axial and sagittal imaging. This very sensitive method of evaluation should be used to confirm a clinical diagnosis of DS. Regardless of the imaging study chosen, the typical findings are a significant constriction of the cauda equina associated with a diminished cross-sectional area of the vertebral canal, apparent thickening and buckling of the ligamentum flavum, and hypertrophy of adjacent facet joints. All of these factors contribute to the symptoms of spinal stenosis [19] . The facet joint degenerative changes are shown by the presence of osteophytes and cartilage loss. Stenosis in the inferior aspect of the lateral recess (intervertebral foramen) is caused by the ventral slip of the superior articular processes. In the case of L4/5 DS, this results in compression of the L5 nerve roots at the level of the L5 pedicle. As a result of the slip, the intervertebral foramen at the involved level assumes a more horizontal configuration, resulting in reduced foraminal height. This, together with bulging of the degenerated disc into the foramen, may result in foraminal stenosis. In this case L4/5 DS can cause L4 root compression [7] .
Sometimes, in a case of dynamic DS the vertebral slipping cannot be seen on the standard supine radiographs or MRI. Jayakumar et al. [28] in case series have shown that axial loaded MRI identified occult dynamic DS, which correlated with the clinical picture but was not shown on initial conventional MRI or plain radiography. The presence of facet joint synovial cysts (facet ganglia), which have a recognized association with degenerative spondylolisthesis, can also cause narrowing of the lateral recesses and are well shown on MRI [3] .
Additional studies that may be selected include technetium bone scanning, particularly when a metastatic tumor is suspected, and electrodiagnostic studies if a systemic neurologic disorder is a possibility.
Grading of spondylolisthesis
Regardless of the imaging method and the type of spondylolisthesis, the forward slip of the vertebra above can be Eur Spine J (2008) 17:327-335 329 measured by one of two methods [62] . The first is the method of Meyerding [40] . The anteroposterior (AP) diameter of the superior surface of the lower vertebral body is divided into quarters and a grade of I-IV is assigned to slips of one, two, three or four quarters of the superior vertebra, respectively. The second method, first described by Taillard [57] , expresses the degree of slip as a percentage of the AP diameter of the top of the lower vertebra (Fig. 1) . Complete slip of L5 on S1 is termed spondyloptosis. The second method is favored by most authors as it is more accurately reproducible [7] . Measurement of the slip and its apparent progression, however, should be viewed with caution. Studies have shown that there can be interand intra-observer error of up to 15%. This variation can increase if there is an element of rotation. Therefore, only a progression of greater than 20% slip can be reliably assessed [10, 11] .
Prognosis
The natural history of DS generally is favorable. Only 10-15% of patients seeking treatment eventually will have surgery [45] . In a long term follow-up study of 145 nonsurgically managed patients [38] with DS progression of vertebral slippage was observed in 34% of patients. There was no correlation between changes in clinical symptoms and progression of spondylolisthesis. The intervertebral spaces of the slipped segments were decreased significantly in size during follow-up examination in patients in whom no progression was found. LBP improved following a decrease in the total intervertebral space size. The development of osteoarthritic spurs, hypertrophy and ossification of the intervertebral ligaments, and facet arthrosis may lead to secondary stabilization that prevents slip progression. Seventy-six percent of patients who had no neurological deficits at initial examination remained without neurological deficit after 10 years of follow-up. Eighty-three percent of the patients who had neurological symptoms at the baseline (N = 35), such as intermittent claudication or vesicorectal disorder, at initial examination and refused surgery experienced neurological deterioration. The final prognosis for these patients was very poor. However, Johnsson et al. [29] followed-up 32 untreated patients with clinical symptoms and myelographically confirmed spinal stenosis (nine of them with DS) for an average of 49 months. About 75% of the patients had spinal claudication. In the follow-up survey, the same number of patients had claudication, but the symptoms were milder. In estimation by visual analog scale, symptoms in 70% of the cases were unchanged, 15% showed improvement, and 15% worsened. No proof of severe deterioration was found after 4 years.
Treatment options
The study of the natural history [38] showed that back pain improved as the disc space was collapsed and progression of the slippage occurred only in 34% of the cases. Seventy-six percent of the patients who were initially neurologically intact did not deteriorate over time and these patients may be treated conservatively. Conversely, most patients (83%) with history of neurogenic claudication or vesicorectal symptoms deteriorated with poor final outcome and these patients should preferably have surgical treatment [38] . Recent study of Weinstein et al. [61] found that patients with DS and spinal stenosis treated surgically showed substantially greater improvement in pain and function during a period of 2 years than patients treated nonsurgically. A review by Herkowitz et al. [24] suggested that the indications for surgical treatment are:
1. Persistent or recurrent back and/or leg pain or neurogenic claudication, with significant reduction of quality of life, despite a reasonable trial of nonoperative treatment (a minimum of 3 months). 2. Progressive neurological deficit. 3. Bladder or bowel symptoms.
There are a number of publications about surgical treatment of signs related to DS [14, 21, 30, 37, 39, 47, 61] including the recent comprehensive review of Sengupta and Herkowitz [51] . In the present review we concentrated on conservative treatment options and would encourage those who are interested in surgery to read these other articles.
Nonoperative treatment is the mainstay of treatment for LBP and should be the initial course of action in most cases of spondylolisthesis, with or without neurologic symptoms [59] . There are, however, no prospective, randomized clinical trials establishing an optimal nonoperative treatment protocol. According to Vibert et al. [59] most physicians begin with a 1-to 2-day period of rest followed by a short course of anti-inflammatory medications, if they are not contraindicated for gastrointestinal reasons. If symptoms persist beyond 1-2 weeks, physical therapy can be applied. Stationary bicycling is an excellent exercise because it promotes spine flexion, deconstriction of the thecal sac, and allows for more exercise before the development of neurogenic claudication is present. Furthermore, bicycling allows the patient to avoid the wear and tear associated with impact aerobic exercise such as running. Swimming, walking, and elliptical machines are other good alternatives for cardiovascular exercise [59] , albeit there is no evidence of their value for DS.
Frymoyer [19] more than two decades ago suggested a similar treatment program: (1) nonsteroidal anti-inflammatory drugs (NSAIDs) (in the elderly, there should be careful monitoring for gastrointestinal complaints and melena); (2) encouragement of aerobic conditioning, on the premise that this exercise may improve arterial circulation to the cauda equina (because walking often aggravates symptoms, a stationary bicycle is a good alternative, particularly if the handlebars and seat are set up to allow the forward-flexed posture); (3) weight reduction, although this strategy often minimally affects neurologic complaints; and (4) careful management of osteoporosis.
Taking into account the gastrointestinal side effects of NSAIDs, cardiovascular side effects of COX-2 inhibitors and the fact that the DS population comprised mostly from elderly people, acetaminophen or other not-NASID analgesics should be the first choice for initial management of DS. NSAIDs can be part of the initial management of symptomatic DS, however, they are equally efficacious compared to acetaminophen, which only provides pain relief [58] . At lower doses, the analgesic effect reduces musculoskeletal pain; at higher doses, NSAIDs provide an anti-inflammatory effect on nerve root and joint irritation. Unfortunately, many elderly patients cannot tolerate the gastrointestinal and renal side effects. There is no evidence that one non-steroidal agent is more effective for LBP than another, but cyclooxygenase (COX)-2 selective agents had been recommended in older individuals because of fewer gastrointestinal side effects. Another option is entericcoated aspirin, which may be as effective, at lower cost and with fewer gastrointestinal side effects. Patients taking any of these medicines should have their hepatic and renal function monitored.
For pain inadequately controlled with acetaminophen or NSAIDs, opioids and muscle relaxants are commonly prescribed for LBP even though they have not been shown to be more effective than acetaminophen and NSAIDs in well-controlled studies [58] . Because the main symptoms of DS are caused by spinal stenosis and degenerative changes in facet joints, the use of muscle relaxants makes less inherent sense, although there is no evidence arguing that the relative risks and benefits favor other agents.
Vilbert et al. [59] suggested that if patients fail a reasonable course of therapy (4-6 weeks), they may benefit in the short term from a course of epidural steroid injections (ESI). ESI involves delivery of a corticosteroid preparation, such as methylprednisolone, around the stenotic cauda equina and nerve roots in order to relieve LBP, lower extremity pain related to radiculopathy and neurogenic claudication. No authors have evaluated the effectiveness of epidural steroid injections in patients with DS alone. However, authors of a long-term follow-up study of patients having a course of injections failed to reveal a lasting benefit (beyond 3 years) in patients with degenerative disc disease, herniated discs, lumbar radicular pain, or spinal stenosis [8, 9, 20, 49, 60] . However, a two studies of patients with spinal stenosis [12, 48] demonstrated a significant (P \ 0.05) improvement in short-term benefits (decreasing of pain, improvement of functional measures and lower operative rate) after ESI. In a study restricted to patients with symptomatic lumbar stenosis, Hoogmartens and Morelle [27] found that 48% of patients treated with ESI demonstrated functional improvement from their preinjection status approximately 2 years after treatment. However, the patients were evaluated retrospectively and were not compared with a control group. Furthermore, the authors conceded that the improvement rate was close to that of the placebo effect. Nevertheless, they suggested that ESI is a good alternative to surgical treatment in older patients with medical comorbidities.
Physical rehabilitation methods
Physiotherapy is the most common method used to apply non-operative treatment of symptoms associated with DS. Therapeutic protocols may include the use of modalities for pain relief, bracing, exercise, ultrasound, electrical stimulation, and activity modification [13, 44, 55, 56] . Unfortunately, some of the evidences for effectiveness of physical rehabilitation methods are coming from case reports [13, 44] and cannot be generalized to the rest of the population. Physiotherapy treatment is recommended to reduce pain [56] , to restore range of motion and function, and to strengthen and stabilize the spine [17, 23] and restore mobility of the neural tissue [6] . However, no study has yet shown their usefulness in patients with DS. Further, we review studies that mostly investigated treatment options for other types of spondylolisthesis, spinal segmental instability and spinal stenosis in attempt to understand their rationale and to apply it to treatment of DS.
Bracing
We did not find any studies that specifically evaluated brace treatment for symptoms associated with DS. However, Prateepavanich et al. [46] evaluated the effectiveness of a lumbosacral corset in a self controlled comparative study on 21 patients (mean age 62.5) with symptomatic degenerative lumbar spinal stenosis (neurogenic claudication). Patients treated with the corset showed a statistically significant improvement in walking distance and decrement of pain score in daily activities in comparison with patients who did not wear the corset. Because most patients with symptomatic DS suffer from neurogenic claudication, use of bracing needs to be examined for treatment of patients with DS. The other rationale to use bracing in patients with DS is to decrease segmental spinal instability, although it is not a main pain generator in DS. Bell et al. [5] showed that adolescents with grade I and II isthmic spondylolisthesis who received brace treatment for 25 month were pain-free and none had demonstrated a significant increase in slip percent. In addition, patients with lateral recess stenosis with impingement of the nerve root can potentially benefit from a brace that prevents rotation.
Spratt et al. [54] evaluated the influence of combined treatment of bracing, exercises and education controlling either flexion or extension postures on patients with radiographic instability. Fifty-six patients meeting strict study inclusion and radiographic evaluation criteria were assigned to a bracing treatment (flexion, extension, placebo-control) according to a randomization scheme, designed to ensure equal representation of translation categories (retrolisthesis, normal, spondylolisthesis) across treatment groups, and assessed at admission and 1-month follow-up. This study did not make any conclusions about effectiveness of bracing for instability, but authors found that brace treatments (that was done in combination with exercises) were not shown to reduce patient range of motion or lessen trunk strength.
Flexion/extension strengthening exercises
Sinaki et al. [53] divided 48 patients with LBP secondary to spondylolisthesis into two groups: those doing flexion and those doing extension back strengthening exercises. All patients received instructions on posture, lifting techniques, and the use of heat for relief of symptoms. After 3 months, only 27% of patients who were instructed in flexion exercises had moderate or severe pain and only 32% were unable to work or had limited their work. Of the patients who were instructed in extension exercises, 67% had moderate or severe pain and 61% were unable to work or had limited their work. At 3-year follow-up, only 19% of the flexion group had moderate or severe pain and 24% were unable to work or had limited their work. The respective figures for the extension group were 67 and 61%. The overall recovery rate after 3 months was 58% for the flexion group and 6% for the extension group. At 3-year follow-up these figures improved to 62% for the flexion group and dropped to 0% for the extension group. On the basis of these findings, Sinaki et al. [53] suggested that if a conservative treatment program is elected, back flexion or isometric back strengthening exercises should be considered. In a study of Gramse et al. [22] 47 patients with symptomatic back pain secondary to spondylolisthesis who were not surgical candidates were instructed in a treatment program that included flexion or extension or combined flexion-extension exercises. They found that patients treated with flexion-type exercises were less likely to require use of back supports, require job modification, or limit their activities because of pain. To some extent the results of these studies may be explained by results of Penning and Wilmink [43] study, who found narrowing of the spinal canal in extension and widening of the canal with relief of nerve root involvement in flexion.
Specific muscular and biomechanical impairments have been identified in people with spinal stenosis, including paraspinal muscle denervation [34] and trunk extensor muscle function [31] . Such findings suggest that non-surgical physical interventions possibly should include exercises specifically directed toward the spinal extensor muscle group, but taking into account results of Sinaki et al. [53] study it should be done with great caution and without actual extension at the spine (e.g., isometric exercise). There have been no reports in the literature of exercise regimens that have targeted the spinal extensor muscle group in those with spinal stenosis [4] .
Stabilization exercises
O'Sullivan et al. [42] found that individuals with chronic LBP and a radiological diagnosis of spondylolysis or spondylolisthesis who underwent a 10-week specific exercise treatment program involving the specific training of the deep abdominal muscles, with co-activation of the lumbar multifidus proximal to the pars defects showed a statistically significant reduction in pain intensity and functional disability levels, which was maintained at 30-month follow-up. The control group that received treatment as directed by their treating practitioner showed no significant change in these parameters after intervention or at follow-up. Lindgren et al. [35] found that exercise therapy in patients with chronic low back pain and segmental instability symptoms can improve strength and electromyographic parameters of paraspinal muscles, but not change the radiographic signs of instability.
Hicks et al. [25] developed a clinical rule to predict treatment response to a stabilization exercise program for patients with LBP. They found that the most important variables for success of stabilization exercises were age, straight-leg raise, prone instability test, aberrant motions, lumbar hypermobility, and fear-avoidance beliefs. The preliminary prediction rule for success with stabilization treatment contained four variables: positive prone instability test, aberrant movements present, average SLR greater than 91°, and age greater than 40 years old.
Combined treatment
As we mentioned before, symptoms associated with spinal stenosis are main complain of patients with DS. Simotas et al. [52] report on a case series of 49 patients treated nonoperatively for spinal stenosis. In addition to pharmacologic intervention that may have included oral analgesics and ESI, the intervention consisted of therapeutic exercise (postural instruction, lumbopelvic mobilization exercises, and a flexion-based exercise program). After 3 years, nine of 49 patients (18%) had surgical intervention. Five patients (10%) reported their condition to be worse, and the remaining 35 patients (71%) either reported no deterioration in their condition or reported improvement (slight or sustained). The authors conclude that aggressive nonoperative treatment for spinal stenosis remains a reasonable option.
Spinal manipulation
Spinal manipulation is an alternative treatment often pursued by patients. No randomized clinical trials of patients with spondylolisthesis or spinal stenosis have been done. We found only one study [41] that evaluated effectiveness of spinal manipulative therapy for LBP by comparing two groups of patients: a small group (25) of patients with lumbar spondylolisthesis and a larger group (260) of patients without spondylolisthesis. This study showed that the results of manipulative treatment are not significantly different in patients with or without lumbar spondylolisthesis. Patients may have some short-term pain relief from chiropractic manipulation, but no long term benefit has been proven.
Discussion
Degenerative spondylolisthesis is a complex multifactorial problem. Although, DS is a common diagnosis in aging individuals, there is little empiric evidence to support many of the common nonsurgical interventions for symptomatic individuals. Because of limitations with the existing literature that have been highlighted, current practice recommendations require incorporating findings from available studies into existing clinical and biologic paradigms in order to provide a rational basis for treatment recommendations. In addition, the absence of consensus guidelines from national or international organizations, the treatment of DS remains highly dependent on patient and physician expectations and preferences. Despite many surgical options exist for the treatment of DS, it generally is agreed that in most cases nonoperative treatment should be attempted before surgical intervention is pursued. Of the nonoperative options, none are conclusively superior to the others and all have a role in the treatment of symptomatic patients. For patients with DS, nonsurgical treatments should focus on patient education, medications to control pain, flexion strengthening and stabilizing exercises and physical and cognitive treatments to regain or maintain activities of daily living. Specific aims of nonsurgical treatments should focus of improvement of spinal segmental stability and reliving neurological symptoms that caused by spinal stenosis associated with DS. For many patients, several nonsurgical treatments may be used sequentially or in combination depending on the severity of symptoms and their change with time. However, in our opinion exercises should be recommended to be done on the daily basis.
An up-to-date knowledge on diagnosis and prevention of lumbar DS can assist in determination of future research goals. Additional studies are required to establish treatment protocols for the conservative treatment of DS.
